Three new lanthanide thioantimonates(V) [Ln(en)(teta)(SbS 4 )] {Ln = Sm (1), Eu (2), Gd (3); en = ethylenediamine; teta = triethylenetetramine} have been solvothermally synthesized and structurally characterized. Compounds 1 -3 are isostructural. The [SbS 4 ] 3− anion acting as bichelating ligand is bound to the [Ln(en)(teta)] 3+ ion, resulting in a neutral complex [Ln(en)(teta)(SbS 4 )]. The central Ln 3+ ion lies within an eight-coordinate environment forming a distorted bicapped trigonal prism LnN 6 S 2 . Although a few lanthanide thioantimonates have been reported to date, they only contain one type of ethylene polyamine. Compounds 1 -3 are rare examples of lanthanide thioantimonates with mixed ethylene polyamine ligands. The absorption edges of 1.75 eV for 1 and 2.27 eV for 3 have been derived from optical absorption spectra.
Introduction
The incorporation of transition metal (TM) or lanthanide (Ln) ions into group 13 -15 chalcogenidometalate frameworks under solvothermal conditions has received much attention, because it may generate various exciting structural architectures with interesting properties [1 -9] [16] , (H 2 dien) 0.5 Cu 2 SbS 3 [17] , (Hdien)Cu 3 Sb 2 S 5 [17] , (H 2 teta) 0.5 Cu 3 Sb 2 S 5 [17] 3+ . In this paper, we report the solvothermal syntheses and crystal structures of three lanthanide thioantimonates(V) with mixed ethylene polyamines as ligands.
Results and Discussion
The lanthanide thioantimonates(V) [Ln(en)(teta) (SbS 4 )] {Ln = Sm (1), Eu (2), Gd (3); en = ethylenediamine; teta = triethylenetetramine} are isostructural and crystallize in the monoclinic space group P2 1 /c with four formula units in the unit cell. Therefore, only 1 is discussed here in detail. The molecular structure of 1 is depicted in Fig. 1a Even more interestingly, the ionic radius of trivalent Gd 3+ (0.938Å) is slightly smaller than that of the Eu 3+ ion (0.950Å) [29] , which might result in a more compact [Gd(en)(teta)
Å], which also leads to a slightly larger cell volume of 3 of 1910.5(7)Å 3 as compared to 1901.9(7)Å 3 of 2. In any case these differences are at the margin of significance and probably not too much importance should be given to them.
In 1, the uncoordinated S atoms of [Sm(en) (teta)(SbS 4 )] are involved in intermolecular N-H· · ·S hydrogen bonds with adjacent molecules, leading to a chain-like arrangement of [Sm(en)(teta)(SbS 4 )] molecules parallel to the a axis. These chains are aligned in an antiparallel fashion and connected via N-H· · ·S hydrogen bonds forming a layer parallel to the (001) plane (Fig. 1c) . The layers interact also via N-H· · ·S hydrogen bonds resulting in a 3-D hydrogenbonded network (Fig. 2) . The N· · ·S distances are in the range of 3.371(2) to 3.622(3)Å and the N-H· · ·S angles vary from 140 to 167 • , which are consistent with the values reported in the literature [18 -26] . Similar intermolecular hydrogen bonds are found in both 2 and 3.
The solid-state UV/Vis absorption spectra of compounds 1 and 3 were measured at room temperature Energy (eV) Fig. 3 (color online) . Optical absorption spectra of compounds 1 and 3. (Fig. 3) . The absorption edges are 1.75 eV for 1 and 2.27 eV for 3, which lie in the energy range suitable for visible-light photocatalytic applications [30] 2 (Sb V S 4 ) 2 } Cl 2 (2.00 eV) [27] , which exhibit the properties of a semiconductor.
Experimental Section
General: All analytically pure starting materials were purchased and used without additional purification. FT-IR spectra were recorded with a Nicolet Magna-IR 550 spectrometer in dry KBr pellets. Elemental analysis was carried out on an EA-1110 elemental analyzer. The UV spectra were recorded at room temperature using a computer-controlled PE Lambda 900 UV spectrometer equipped with an integrating sphere in the wavelength range of 200 -800 nm.
Synthesis of [Sm(en)(teta)(SbS 4 )] (1)
A mixture of Sb (0.05 mmol, 0.0057 g), S (0.70 mmol, 0.0220 g), SmCl 3 (0.10 mmol, 0.0257 g), en (0.5 mL), and teta (0.5 mL) was placed in a thick Pyrex tube. The sealed tube was heated at 160 • C for 6 d to yield yellow blockshaped crystals. The crystals were washed with ethanol, dried and stored under vacuum (67 % yield based on Sb). 
Synthesis of [Eu(en)(teta)(SbS 4 )] (2)
A mixture of Sb (0.05 mmol, 0.0057 g), S (0.60 mmol, 0.0188 g), Eu 2 O 3 (0.05 mmol, 0.0176 g), en (0.5 mL), and teta (0.5 mL) was placed in a thick Pyrex tube. The sealed tube was heated at 160 • C for 7 d to yield yellow blockshaped crystals. The crystals were washed with ethanol, dried and stored under vacuum (57 % yield based on Sb). -Anal. for C 8 
Synthesis of [Gd(en)(teta)(SbS 4 )] (3)
A mixture of Sb (0.05 mmol, 0.0057 g), S (0.70 mmol, 0.0220 g), GdCl 3 (0.10 mmol, 0.0264 g), en (0.5 mL), and Table 1 . Crystal structure data for 1 -3. 
Crystal structure determination
Data collections were performed on a Rigaku Mercury CCD diffractometer with graphite-monochromatized MoK α radiation (λ = 0.71073Å) at 296(2) K with a maximum 2θ value of 50.20 • . The intensities were corrected for Lorentz and polarization effects. The structures were solved with Direct Methods using the program SHELXS-97 [31, 32] , and the refinement was performed against F 2 using SHELXL-97 [33, 34] . All non-hydrogen atoms were refined anisotropically. The H atoms of the en and teta ligands were positioned with idealized geometry and refined with fixed isotropic displacement parameters. Relevant crystal data and refinement results can be found in Table 1 . Selected bond lengths and angles for 1 are listed in Table 2 .
CCDC 898419 (1), 898420 (2) and 898421 (3) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac. uk/data request/cif.
